Lasioglossum ( Chilalictus ) hemichalceum is a social halictine bee species for which we developed 10 polymorphic microsatellite loci in order to investigate detailed genetic structure of cooperating indvididuals. The loci are highly polymorphic with allele numbers ranging between eight and 22. A null allele was detected at one locus in the absence of pedigree information.
Lasioglossum (Chilalictus) hemichalceum is a halictine bee endemic to Australia with 'communal' sociality . Adult females live in small cooperative groups wherein all females reproduce. Group members are not relatives (Kukuk & Sage 1994 ) and this species is a model for the study of cooperation among unrelated individuals. To obtain more detailed information on the genetic structure of colonies, we undertook to develop microsatellite markers for this species. In addition, the Australian Lasioglossum consists of eight subgenera (Walker 1995) so that these loci may be useful for additional Australian Lasioglossum .
To generate markers, pupae were frozen in liquid nitrogen and pulverized in a 1.5 mL tube with a sterile pestle. Genomic DNA was extracted as described in Hamaguchi & Ito (1993) . Small insert libraries were generated from the isolated genomic DNA and enriched for selected repeats (see Ostrander et al . 1992; Polido & Duyk 1994) . Plasmid DNA prepared from clones from the small insert library were sequenced using an ABI 373. Polymerase chain reaction (PCR) primers for inserts of clones identified to contain repeats of significant length were designed using Designer PCR TM (Research Genetics, Division of Invitrogen Corp.
www.resgen.com). Primers pairs were synthesized (Research Genetics) with one of the primers containing a 5 ′ HEX or FAM label.
Ten loci were successfully amplified using the PCR and showed variation. To extract DNA, the thorax of each adult was crushed, suspended in 200 µ L H 2 0 containing 5% w/v Chelex resin beads (Bio101, Inc.), vortexed, autoclaved for 5 min, cooled, and centrifuged at high-speed to pellet the cell debris and resin beads. PCR reactions used 2 µ L of the resulting supernatant, 1 × reaction buffer (Perkin-Elmer), 2.0 m m MgCl 2 , 200 µ m each dNTP, 2.0 µ g/mL BSA, 0.4 µ m each unlabelled primer, 0.2 µ m labelled primer, and 0.4 U Taq polymerase (Perkin-Elmer) for a total volume of 10 µ L. The PCR program was 94 ° C/3 min, 50 ° C/1 min (92 ° C/ 1 min, 50 ° C/1 min) × 34 cycles (Table 1 ). The PCR products were loaded on a 6% denaturing polyacrylamide sequencing gel and visualized using an FMBIO-101 gel scanner (Hitachi, Inc.). These loci were used to genotype 231 individuals from nine L. hemichalceum colonies (see Table 1 ).
Analysis of F-statistics and proportions of blank genotypes revealed that LHMS14 had a nonamplifying ('null PCR') allele. LHMS14 had a significant deviation from expectation when averaged over colonies ( F IS = 0.231; P < 0.001) and the proportion of blank genotypes was higher. In males it was 9/51 (17.6%) at locus LHMS14 and 4/459 (0.9%) at the other nine loci combined. In females these rates were 13/180 (7.2%) and 30/1620 (1.8%). The number Correspondence: Penelope F. Kukuk. ¶Present address: The Division of Biological Sciences, The University of Montana, Missoula, MT 59812, USA. E-mail: pkukuk@selway.umt.edu of blanks in males was correlated with colony F IS ( R 2 = 0.54; P < 0.05) while the number of blanks in females ( R 2 = 0.15) was not. Estimates of null allele frequency based on both F IS and blank genotypes (Brookfield 1996 ; eqn 5) ranged from near zero in several colonies to as high as 0.43 in the smallest colony. To avoid bias relatedness values and incorrect exclusion of relationships (Pemberton et al . 1995) we omitted LHMS14 and used only nine loci for genetic analysis.
Detailed information on the genetic structure of L. hemichalceum social groups can now be obtained using these highly variable microsatellite loci. In addition to increasing understanding of communal sociality in L. hemichalceum , these microsatellite loci may be useful for closely related Lasioglossum species and will provide the opportunity to compare the social structure of communal Lasioglossum in Australia. Because Lasioglossum is a large, world-wide genus of Halictine bees it is particularly important in the study of social evolution. All levels of social structure from solitary to highly social are represented in this genus. Therefore, micorsattelite loci that can be used for Lasioglossum are especially useful.
